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Abstract
Vehicular congestion generates particulate matter and contaminants such as lead, cadmium,
copper, chromium, nickel, and zinc which have been detected in the U.S.-Mexico border region. To
overcome the inconvenience of expensive sampling techniques, scientists started to assess air quality by
using bioindicator plants, a technique called biomonitoring. Biomonitoring is an inexpensive and
environmentally friendly approach to determine inorganic contaminants at trace levels. The purpose of
this project was to determine the effectiveness of tumbleweed (Salsola kali) plants, sprayed with
chelating agents, as a passive monitoring device to determine the possible presence of heavy metals in
the ambient air around international ports of entry in the El Paso-Ciudad Juarez border region. Plants
were germinated and grown for three months in black plastic bags packed with 1 kg of soil. After three
months, citric acid and EDTA were applied to plant canopies, separately, at 0.1, 0.5, and 1.0 mM
concentrations. The plants were then set at the international ports of entry of Santa Teresa and Zaragoza,
and a third site close to UTEP. Four replicates and a control were used for each concentration and each
chelating agent. The tumbleweed plants were kept for 4 weeks at each experimental site. In order to
evaluate the feasibility of a biomonitoring program using natural vegetation, wild tumbleweed plants
were collected in the vicinity of the experimental sites during the months of February, March, May, and
April of 2008 and analyzed for metal content in the foliage. In all cases the plants were harvested and
the shoots were processed for metal determination using ICP-MS or ICP-OES. Samples of surface soil
were also taken from the pots and the wild area and analyzed for metal content. Results showed that
tumbleweed plants were naturally capable of capturing contaminants from the surrounding atmosphere.
Four elements were consistently found in the plants: Cu, Cd, Cr, and Ni. The chelating agents seemed
effective in enhancing the plant’s natural abilities to capture Cd. The capture of Cu was enhanced only
when high amounts of this metal were present. Results also suggested that the metal capture was

vi

affected by degree of affinity of the chelating agent. Due to this, the capture of Cr and Ni was reduced
whenever high concentrations of Cu and Cd were available. The wild plants showed to have in the
foliage all the elements present in soil plus selenium, which was consistently found in plants but not in
soil. The amount of Se in plants was related to the atmospheric deposition cycle of the element. This
study showed that tumbleweed was able to capture elements from the ambient air and that has
capabilities for being used as a passive biomonitoring device for metal contamination.
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Chapter 1: Introduction
1.1

THE TUMBLEWEED PLANT
Tumbleweed (Salsola kali) is a summer annual, drought tolerant bush with high water use

efficiency and high biomass production not forming mycorrhizal association that is resistant to
mycorrhizal colonization (Johnson, 1998). Tumbleweed (Figure 1.1) is a dicotyledonous, vascular plant
belonging to the Chenopodiaceae family (USDA Plants Database, 2004); this also depicts a photograph
of a blossoming tumbleweed plant. Table 1.1 displays the complete profile for the tumbleweed plant.
Seeds of this Eurasia native plant were introduced in the United States by accident in the late 1800s
when they were mixed and shipped along with Flax seeds (Foster et al., 1980; DeLoach et al., 1986;
Boerboom, 1993). Single plants may be able to produce about 250,000 seeds (Young, 1991). After
maturity, shoots break at ground level blowing away with the wind, spreading the seeds and ensuring
dissemination (Boerboom, 1993).

Figure 1.1: A blossoming tumbleweed plant (de la Rosa, 2004).
1

Tumbleweed with its high protein content (9-23%, and in some cases up to 50%) served as food for
livestock in the 1930s (Boerboom, 1993).
Table 1.1: Profile for tumbleweed (S. kali). (aUSDA, 2004; bYoung, 1991; cHickman, 1993; dDeLoach et
al., 1986)
Classificationa:
Kingdom – Plants
Subkingdom - Vascular plants
Superdivision -Seed plants
Division - Flowering plants
Class - Dicotyledons
Subclass - Caryophyllidae
Order - Caryophyllales
Family - Chenopodiaceae
Genus - Salsola L.
Species – Salsola kali
Synonyms a,b,c:

Salsola iberica
Salsola australis
Salsola pestifer
Salsola tragus
Russian thistle
Russian tumbleweed

Distributiond:

Present in most arid and semiarid regions of the world
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In some areas it is an important part of the diet of several animal species including bisons, mule
deers, and prairie dogs (DeLoach et al., 1986). In fact, its production was proposed as an economic crop
in areas with low water supply, and as a biofuel (Foster et al., 1980; Foster and Karpiscak, 1983).
Tumbleweed plants have also been used to make soap and glass, and as a folk remedy (Watt and BreyerBrandwijk, 1962; Duke, 1983). The dry biomass productivity in tumbleweed can reach to 4 tons per acre
without irrigation. While the water efficiency can be as much as 3.54 g dry biomass per kg of applied
water (Foster et al., 1980; Boerboom, 1993), sunflower and wheatgrass produce only 1.58 and 0.95 g dry
biomass per kg of applied water respectively. Even though the tumbleweed is considered a weed, it is
extremely helpful in the restoration of disturbed sites where revegetation occurs more promptly if this
plant established first (Allen and Allen, 1988).

1.2

PLANT DESCRIPTION
Seeds of tumbleweed contain coiled embryos (Figure 1.2) of approximately 150 mm wide that

readily start uncoiling for germination under minimal amounts of moisture. Germination usually occurs
in winter/spring when moisture conditions are favorable, and flowering starts by mid-June (Cudney et
al., 2000; Young et al., 1995). However, seed viability is usually lost or substantially decayed during the
first year (Boerboom, 1993). Shoots acquire an oval shape that is conserved when the plant dries
(Cudney et al., 2000). The succulent leaves are cylindrical, alternate, small and compact. In tumbleweed
leaves, the water storage tissue is identified as large cells surrounded by a single layer of palisade tissue
(Esau, 1977). Plants can grow up to 1.75 m tall (Foster et al., 1980). Roots of tumbleweed can reach 2 m
in depth and extend 5 m in diameter (Schillinger and Young, 2000). Flowers (Figure 1.3) are greenish to
purplish bisexual organs without petals; instead they have 4-5 sepals and are surrounded by spine-tipped
leaves (Young, 1991; Boerboom, 1993). Pollen of tumbleweed has been related to allergenic reactions in
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humans (Grater and Stemen, 1967). It has been determined that tumbleweed plants developed resistance
to a wide variety of herbicides (Boerboom, 1993).

Figure 1.2: Embryo of tumbleweed plant. Seeds contain coiled embryos protected by a thin membrane
(de la Rosa, 2004).

Figure 1.3: A tumbleweed flower (de la Rosa, 2004).

Through the years, tumbleweed has demonstrated a great ability to survive and produce plants
under a variety of adverse conditions (Foster et al., 1980; Young, 1991). In this context, previous
research has demonstrated that honey mesquite, Convolvulus arvensis, and Larrea tridentata possess the
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ability to uptake and store different metals in their tissues (Aldrich et al., 2004; Gardea-Torresdey et al.,
2004; Polette et al., 2000).

1.3

METAL ACCUMULATION AND CHELATING AGENTS IN TUMBLEWEED
Studies performed at The University of Texas at El Paso have demonstrated that tumbleweed is a

potential Cd hyperaccumulator and a high Cr accumulator (de la Rosa et al., 2004b; 2004c). Other
experiments have demonstrated that tumbleweed can also accumulate high amounts of Pb without
symptoms of toxicity (de la Rosa et al. 2004a). These results suggest that tumbleweed is a very good
candidate for studying heavy metal accumulation. Chelating agents are molecules which facilitate the
bioavailability of metals for plants to consume. Currently, plants are used as biomonitoring devices
without chelating agents; however, we believe that the use of these substances could be very useful for
short-term observation periods. The two chelating agents studied were EDTA, see figure 1.4, which
chelates Pb, Zn, Ni, and Cd (Zaray et al., 1995; Adiloglu, 2002) and citric acid, see figure 1.5, which
chelates heavy metals such as Cu, Pb, and Zn (Peters, 1999). The heavy metals monitored in this project
are some of the most toxic for human health including Cd, Cr, Cu, and Pb

Figure 1.4: EDTA Chelating a Metal Ion.
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Figure 1.5: Chemical Structure of a Citric Acid Molecule.

1.4

ADVERSE HEALTH EFFECTS OF HEAVY METAL POLLUTION

An air pollutant is defined as any substance which may harm humans, animals, vegetation, or material.
An air pollutant may be a cause or contribute to an increase in mortality or serious illness or may pose a
present of potential hazard to human health (Kampa, 2007; Castanas, 2007). Clinical and
epidemiological data is needed to determine whether or not a specific element or substance poses a
threat to human health. Heavy metals are natural components of the earth’s crust. They can be
transported by air, water and enter the human food supply. Anthropogenic activities are the major cause
of environmental air pollution. Vehicular congestion generates particulate mater and contaminants such
as lead, cadmium, copper, chromium, nickel, and zinc which have been detected in the U.S.-Mexico
border region. Heavy metal contamination represents one of the greatest dangers to human health.
Contaminants present in the Juarez- El Paso metroplex area include organic volatiles, NOx, CO, CO2,
and particulate matter PM10, PM5, and PM2.5. Composition of particulates found in ambient air filters
collected in El Paso and Juarez over the years of 1994, 1995, and 1996 found relatively high levels of
copper, lead, arsenic and chromium in the particulate matter (Espino, 2000). Heavy metals may enter the
human body as trace amounts and are necessary to maintain the metabolic reactions of the body. At high
concentrations, heavy metals can be toxic since they tend to bioaccumulate in the human body. In other
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words, its concentration increases and is stored faster than the body’s ability to metabolize them. Certain
symptoms such as nose and throat irritation, broncoconstriction and dyspnoea are usually experienced
after exposure to certain heavy metals such as arsenic, nickel, and vanadium (Kampa, 2007; Castanas,
2007). Tachycardia, high blood pressure, and anemia have been found where heavy metal pollution has
occurred, especially when mercury, nickel, and arsenic are present (Huang and Ghio, 2006). An example
of heavy metal contamination in human health we found the case study of Jales Mines in Portugal,
where mining activities were abandoned in 1992 but left several detrimental effects to both human
health and the environment. Levels of cadmium and lead were measured in a group of local population
(Campo de Jales) and a control group; the results of this study showed that contamination on the site had
an impact on health of the community. The inhabitants of Campo de Jales give evidence of a higher
exposure to cadmium and lead than the control group. Campo de Jales’ inhabitants reported more cases
of respiratory disease (11 vs. 3) and cancer cases in family members (5 vs. 3) than those of the control
group (Coehlo, et al., 2007).

1.5

BIOMONITORING
Biomonitoring or biological monitoring is the application of analytical chemistry methods to

determine concentrations of toxic chemical compounds or their metabolites in biological systems (CDC,
2009). This technique has not only been used in animal systems but also in plants, where some have
been proven effective to work as indicators of air pollution. Several studies have been performed to
asses the abilities to different plant species to work as passive monitoring devices for the detection of
heavy metals in the ambient air. Examples of the plants used include pollen (Kalbande, et al., 2008) and
petunia plants (Caselles et al., 2002; Rachel et al., 2002). In addition, plants such as rye grass have been
used to biomonitor Pb, F, S, Cd, Cu, and Zn in Germany. Also, Dandelion leaves were used to detect
environmental levels of Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in 29 sites of the Midwestern U.S. Elements
7

captured by these plants from the surrounding air include Ca, Fe, Al, Ni, Cu, and Cr (Keane, B. et al.,
2001).
Biomonitoring is a virtually inexpensive and environmentally friendly technique to approach the
problem of detecting pollution of heavy metals in the ambient air. As stated before, tumbleweed, given
its abilities as a heavy metal hyperaccomulator is an ideal candidate to be used as a biomonitor.

1.6

INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION SPECTROSCOPY / MASS SPECTROMETRY

(ICP-OES/MS)
Inductively coupled plasma optical emission spectroscopy (ICP-OES) is a widely used technique
for elemental analysis at trace levels and it is considered an extraordinarily useful and capable analytical
method (Boss C.B., Fredeen K.J., 1997). The above characteristics are achieved based on versatility and
detection limits among others. This instrumentation has the ability to perform determinations virtually
for all elements with the exception of argon, which is used as the fuel gas for the plasma. There exist
some other elements which cannot be conveniently determined by ICP-OES: bromine, chlorine
(Thompson et al., 1989). In general, this technique is capable of detection limits in the parts per billion
range within 1-100 Yg/L for the conventional method of liquid sampling (Thompson et al., 1989). ICPOES is basically composed of the sample introduction system, the ICP torch, a high radio frequency
generator, the spectrometer, an interface, and a computer. Liquid samples are introduced to the
instrument with the help of a probe that works as a capillary tube. It is then nebulized along with the
argon gas flow. Consequently, the solvent is evaporated and the sample is atomized. The resulting atoms
or ions emit light which is then transformed into an electrical signal by the use of a detector.
Furthermore, the intensity of the signal is compared against that of a solution of known concentration of
the element or elements being analyzed called the standard.
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Even though most of the samples are introduced as liquids using a nebulizer, samples might also
be introduced as solid and gases by the use of a hydride generator, direct solid sampling, laser ablation,
and electrothermal vaporization (Thompson et al., 1989; Vandecasteele et al., 1989). Hydride generation
is commonly used for the analytical determination of elements that form hydrides such as As and Se
(Thompson et al., 1989).
The properties that make ICP a unique instrument derive from the excitation source which is the
inductively coupled plasma (ICP). Plasma is defined as the co-existence of positive ions, electrons and
neutral species of an inert gas in a confined space (Dean, 2005). Commonly, this instrument works with
either argon or helium. The plasma in the ICP is induced by a radiofrequency within the confines of
three concentric glass tubes of a plasma torch. The torch is located inside a coil copper tubing through
which water is recirculated and power is input to the ICP at a frequency of 27 to 40 MHz (Boss and
Fredeen, 1997).
Initialization of the plasma requires that the carrier gas flow is switched off while a spark is
momentarily added from the coil to work as the source of “seed” electrons. A collision among the
electrons promotes ionization of the argon gas in a self sustained manner so that argon, argon colliding
ions and electrons coexist within the plasma torch. The typical ICP temperatures range is from 7000 to
10000 K (Dean, 2005).
One of the greatest advantages of ICP-OES is that it can perform simultaneous multielement
determinations; which is accomplished through the spectrometer. The spectrometer works by separating
emitted light into its component wavelengths. With the help of sequential spectrometers individual
wavelengths can be selected. This provides the instrument with the ability of performing single element
analyses. Typical wavelength coverage of an ICP-OES spectrometer is between 167 nm to 852 nm
(Dean, 2005). Charge Injection Devices (CID) or Charged Coupled Devices (CCD) are used to measure
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the intensities of each wavelength of specific elements. The charge accumulated during a measured time
is manipulated by a computer to obtain the final concentration of the analyte (Boss and Fredeen, 1997).
ICP-OES is a widely used technique which has been of great utility in a variety of different
scientific fields including the environmental sciences. ICP-OES has been widely used to determine
concentrations of heavy metals in plant tissues. Results on the analysis of heavy metals in different plant
species using ICP-OES include reports on lead content in Medicago sativa (Lopez et al., 2005; de la
Rosa et al., 2007) and cadmium in Salsola kali (de la Rosa et al., 2005) among many others.
Mass spectrometry is an analytical technique used to measure the mass to charge ratio of ions. It
is mostly used to determine the composition of a physical sample by generating a mass spectrum
representing the masses of sample components. The mass spectrum is measured by a mass spectrometer
(Rouessac, 2007). Most mass spectrometers are composed of three parts: an ion source, a mass analyzer,
and a detector system. The functioning of a mass spectrometer takes place in four stages: production of
ions from the sample, separation of ions of different masses, detection of the number of ions of each
mass produced, and generation of the mass spectrum, see figure 1.6.

Figure 1.6: M.S. Block Schematic.
The ion source is the part of the mass spectrometer that ionizes the material under analysis (the
analyte). The ions are then transported by magnetic or electric fields to the mass analyzer. There exists
different techniques for ionization and depending on the type of analyte we chose the ionization
technique. Electron ionization and chemical ionization are used for gases and vapors. Inductively
10

coupled plasma sources are commonly used for metal analysis on a wide array of samples types. Other
types are glow discharge, fast atom bombardment (FAB), thermospray, desorption/ionization on silicon
(DIOS), Direct Analysis in Real Time (DART), atmospheric pressure chemical ionization (APCI),
secondary ion mass spectrometry (SIMS) and thermal ionization (Rouessac, 2007). Mass analyzers
separate the ions according to their mass-to-charge ratio. All mass spectrometers are based on dynamics
of charged particles in electric and magnetic fields in vacuum. Sectors use magnetic or electric fields to
affect the path of velocity of traveling charged particles in same way. The ions entering this magnetic or
electric fields bend their paths on different magnitudes depending on their mass to charge ratios, thus,
deflecting the lighter and faster moving, highly charged electrons more. These ions will eventually reach
the detector, and their relative quantities will be measured. Nowadays, besides the original magnetic
sector analyzers, many other types of analyzers are common which include time-of-flight, quadrupole,
and quadrupole ion trap among others. The final element of a mass spectrometer is the detector.
Out of all the detectors, the easiest to understand is the Time of Flight detector. It uses an electric
field to accelerate the ions through the same potential, and then measures the time they take to reach the
detector. If the particles all have the same charge, then their kinetic energies will be identical, and their
velocities will depend only on their masses. Lighter ions will reach the detector first. Quadrupole mass
analyzers use oscillating electrical fields to stabilize or destabilize ions passing through the radio
frequency generated in the quadrupole field. This analyzer acts as a mass selective filter. It is closely
related to the quadrupole ion trap in which the ions are trapped and consequently ejected. Ions are
trapped in a quadrupole RF potential and then separated by a mass to charge ratio. Here, RF potential is
ramped so that the orbit of ions with a mass a > b are stable while ions with mass b become unstable and
are ejected on the z-axis onto a detector. The detector detects the current produced when an ion passes
close or hits its surface. The signal that is produced in the detector during the course of the scan,
compared against the place where the ion hit the detector, creates a mass spectrum. This represents a
11

record of ions as a function of the mass over charge ratio. Usually an electron multiplier has to be used
since the number of electrons leaving the analyzer is at times quite small and significant amplification is
often needed to get a signal.

1.7

RESEARCH OBJECTIVES
The objective of this research was to determine if harvested, fast-growing tumbleweed, alone and

sprayed with chelating agents over their foliage can be used as a passive monitoring device to determine
the possible presence of toxic heavy metals in the ambient air around two international ports of entry
located in El Paso-Ciudad Juarez and a control site located at The University of Texas at El Paso. The
assessment of pollution levels in native tumbleweed exposed to lower vehicle traffic at three different
sites over the span of four months was performed as a mean of comparison to the monitoring study at
the international bridges. From the results obtained by the two studies we would be able to draw closer
conclusions to the actual behavior of the plant when it is exposed to different circumstances.
Our hypotheses were a) the presence of a high number of engine-running vehicles release toxic
heavy metals into the ambient air, b) pollution due to fallout of suspended particles may also be a source
of metal contamination, and c) native plants such as tumbleweed alone and sprayed with the heavy metal
chelating agents ethylenediamine tetra acetic acid (EDTA) and citric acid (CA) can be used as a passive
monitoring device to determine the type and amount of heavy metals in the ambient air around the
international ports of entry. The last hypotheses is based on the following assumptions: a) tumbleweed
has a high capacity for heavy metal accumulation at leaves level without symptoms of toxicity (de la
Rosa et al., 2004b, 2004c), b) the proposed chelating agents have high heavy metal affinity that will bind
the possible heavy metals, even if they are present at low concentrations (Neilands, 1995; Jurkevitch et
al., 1986; Wu et al., 1999), c) the tumbleweed is a fast growing plant, with a very compact canopy, that
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grows wild year around in every place of our region, and d) in other regions of the world plants have
been used as monitors for metal contamination.
The ultimate outcome of this project will be to design an indigenous in situ monitoring system
that will be convenient, economical (compared to conventional detection units), and feasible for the
detection of ambient air contaminants.
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Chapter 2: Methods and Materials
2.1

METHODOLOGY
Two chelating agents, citric acid and EDTA, were used at 0.1, 0.5, and 1.0 mM, respectively.

Seven treatments were used, six corresponding to the chelating agents plus a control treatment. Each
treatment was replicated four times, 5 plants per replicate/treatment (not in every case due to the fact
that some samples were lost during the course of the experiment). Therefore, the experiment will
contained 27 experimental units, in theory (two chelating agents X three concentrations levels x four
replicates, plus three experimental units used as controls= no chelating agent added). The total number
of plants in the experiment was 135 (five plants per experimental unit). Although the number of
treatments was a little high, the plants were allocated in a randomized complete block design,
considering that the road will be a source of variation. We did not take the effects of wind or light into
consideration.
Tumbleweed seeds were collected from plants that grow wild in non contaminated soils around
the El Paso area. The seeds were directly deposited into 1 kg bags of soil to be germinated and grown.
During the growth of the plants, they were watered with in-house made 50% NPK nutrient solution
(modified Hogland’s solution named after its nitrogen, phosphorous, and potassium contents) which
contained potassium hydrogen phosphate, potassium nitrate, calcium nitrate, and magnesium nitrate as
macro nutrients, and manganese sulfate, zinc sulfate, copper sulfate, and boric acid as micronutrients.
After three months of growth, the chelating agents were applied to the plant canopy. At the time of
application, the top surfaces of the bags were covered with plastic to avoid the application of the
chelating agent onto the soil. One day after the application of the chelating agents, the plants were
transported to the sampling sites (Sta. Teresa and Zaragoza) and allocated in areas previously assigned
for the purpose by the Administration of the Bridges in the Chihuahuan Region. Considering that the
number of vehicles (hypothesis a) would cause a difference in the amount of heavy metal deposited on
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the plants, a third replicate of the experiment was set in an open area at UTEP, with a minimal exposure
to vehicular emissions. In this manner we will be able to better evaluate the contribution of vehicles to
ambient air pollution. The plants were kept at each of the experimental sites for four weeks.
In addition to the above described experiment, a 4 month long monitoring program of native
(wild) tumbleweed was performed to assess the behavior of the plant through time with respect to metal
content and exposition from the site of origin. A total of 3 sampling points were monitored, taking 3
plant-sample replicates per time during the time span of 4 months (Feb, March, April, and May 2008).
The monitoring places were designated as those close to two international ports of entry and a third site
close to UTEP where native tumbleweed plants could be easily found and provide a reference of metal
uptake when not directly exposed to heavy vehicle traffic. Those three sites are located in the following
locations; site one 31°48’48.67”, site two 31°40’48.53”, and site three 31°49’17.99”. The wild plants
were not treated with any kind of chelating agents and were analyzed for the same array of metals as the
ones from the international ports of entry. The same protocol as for the monitoring experiment was
followed for this analysis with few changes; the digestion of the samples was accomplished by using the
CEM MarsX digestion microwave oven according to the EPA plant digestion method. The elemental
analysis of the samples was accomplished with the usage of a Perkin-Elmer ICP-OES Optima 4300 DV.
The elements for which these plants were tested are the same as the ones we found in the first study, see
section 4.3.3, plus a set of other elements that we could possibly find due to the nature of the study.

2.2

INSTRUMENTATION
Biomass was dried in an Isotemp Oven (Fisher Scientific Pittsburgh, PA.), heated up to 70

degrees Celcius. A Perkin Elmer Anton Paar Multiwave 3000 digestion vessel (Perkin Elmer, Shelton,
CT), and a CEM MarsX (CEM Corporation, Mathews, North Carolina) microwave ovens were used to
digest the plants, soils, and filters in trace pure nitric acid. For the elemental analysis, a Perkin Elmer
15

SCIEX Inductively Coupled Plasma/Mass Spectrometer ELAN DRC II, and Perkin-Elmer ICP-OES
Optima 4300 DV (Perkin Elmer, Shelton, CT) series were used.
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Chapter 3: Monitoring Plants Experimental
3.1

PLANT GERMINATION AND GROWTH
The soil used to grow the plants, as well as the seeds of the tumbleweed plants were collected

from a place that is located away of vehicle traffic in the area of Santa Teresa, NM. In this place the
tumbleweed plant naturally grows, lives, and dies with no or very little disturbance by human presence.
Both seeds and soil were collected in the month of January, when most of the tumbleweeds are
dry and ready to roll to spread its seeds. From these plants the seeds were separated and collected to be
germinated in 1 kg of soil from the same area. Neither the seeds nor the soil were disinfected or treated
in any way before the germination.
Seeds were deposited in excess in every bag of soil to ensure germination. Previous to the
moment of germination, the soil bags were watered with NPK nutritive solution, and every other day
thereafter until the day they were ready to have the chelating agents applied, and transported to the
sampling sites. The first germination was done on the first week of February 2006. The number of bags
seeded was in excess to account for possible germination failure.

The germination rate was not the

same for every bag of soil. There was also some variability with respect to the rate of growth. Many
bags did not germinate at all even after two more reseeding instances occurred on the last week of
February and the second week of March 2006; Nearly 45% of all the seeded plants did not germinate.
As stated before, the watering of the plants was accomplished by the use of a 50% NPK solution
(modified Hoagland’s solution). At Dr. Jorge Gardea-Torresdey Lab (University of Texas at El Paso,
Physical Science Bldng, Room 303) the nutrient solution is used at pH 5.8, with some exceptions for
elements such as lead and chromium in the oxidation state 3. The nutrient solution contains the
compounds listed in Table 3.1 at the given concentrations. To prepare 1L of nutrient solution add 10 ml
of each solution and take the volume to 1 L. Adjust carefully the pH to 5.8 with NaOH.
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Table 3.1: Modified Hogland’s Nutritive Solution Components.
Conc.
0.35 mM
2.1 mM
0.91 mM
0.97 mM
0.255 mM
23.13 µM
3.9 µM
0.07 µM
0.44 µM
10 µM
0.37 µM

3.2

Salt
Ca(NO3)2· 4 H2O
CaCl2· 2 H2O
Mg(NO3)2· 6 H2O
KH2PO4
KNO3
H3BO3
MnCl2· H2O
MoO3
CuSO4· H2O
Fe(NO3)3· 9 H2O
Zn(NO3)· 6 H2O

M.W.
236.1
147
256.45
136.09
101.10
61.81

Mass
8.431g/ 1L
31.421g/ 1L
23.323g/ 1L
13.183g/ 1L
2.585g / 1L
0.143g/ 1L
197.91
0.077g/ 1L
143.94
0.001g/ 1L
249.68
0.011g/ 1L
403.9823
0.404g/ 1L
297.37
0.011g/ 1L

EXPERIMENTAL SET UP
On July 17 2006, citric acid and EDTA chelating agents were applied to the corresponding plants

in the corresponding concentrations. Afterwards, the plants were transported to the previously
designated sampling sites at the Santa Teresa, Zaragoza, and UTEP site. Table 3.2 shows the
experimental layout.
Table 3.2: Experimental Layout.
EDTA
0.1 mM
R1
R2
R3
R4
CTRL

0.5 mM
R1
R2
R3
R4
CTRL

1.0 mM
R1
R2
R3
R4
CTRL

Citric
Acid
0.1 mM
R1
R2
R3
R4
CTRL

0.5 mM
R1
R2
R3
R4
CTRL

1.0 mM
R1
R2
R3
R4
CTRL

Treatments were allocated in a randomized complete block design, where the glass fiber filters
were intercalated. Figures 3.1 and 3.2 depict the actual location and layout in each experimental site.
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Figure 3.1: Experimental set up at Santa Teresa.

Figure 3.2: Experimental set up at Zaragoza.
3.3

3.3.1

PLANT DRYING, DIGESTION, AND ANALYSIS

Drying
After the 4 week period, the plants, soil, and filters were collected from the sampling sites. Only

the aerial part was sampled from the plant. The collected samples were deposited into 300ml mason jars
and then placed inside the drying oven for 72 hrs at 70 0 C.
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Figure 3.3: Tumbleweed sample being dried inside the oven.

3.3.2

Metal Digestion and Analysis
For sample digestion, 100mg from every sample were digested in 4mL of 70% trace pure nitric

acid. The digest was transferred to 25 mL volumetric flasks and diluted to the mark. In our study we
decided to analyze the tumbleweed plants looking for the following metals: Cd, Cr, Cu, Ni, V, As, Be,
Co, Sb, and Pt. The instrument was calibrated with every element we were expecting to find. In addition,
Indium (In) was used as an internal standard. A calibration standard was ran systematically every ten
samples to assess the instrument’s repeatability.
The calibration of the instrument is achieved by measuring the intensity for all elements of
interests in a number of known calibration standards that represents a range of concentrations likely to
be encountered in the unknown samples. When the full range of calibration standards and blank have
been run, the software creates a calibration curve of the measured intensity versus concentration for each
element in the standards solution. When the calibration data is acquired, the unknown samples are
analyzed by plotting the intensity of the elements of interest against the respective calibration curves.
The software then calculates the concentration for the analytes in the unknown samples. The instrument
was calibrated for the detection of the following elements: Cd, Cr, Cu, Ni, V, As, Be, Co, Sb, and Pt.
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.

Figure 3.4: Perkin Elmer SCIEX ICP/MS ELAN DRC II.

3.3.3

Soil Analysis
For the soil analyses, samples of 100 mg were digested following the same methodology used for

plant samples. Since the analysis of the plants showed readings only for Cd, Cr, Cu, and Ni, these were
the only elements analyzed in soil and fiber glass filter samples.
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Chapter 4: Monitoring Plants Results and Discussion
4.1

COPPER - EDTA RESULTS AND DISCUSSIONS
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Figure 4.1: Results of Cu capture with EDTA and CA.

4.1.1

Cu Capture with EDTA Treatment at Santa Teresa International Bridge
The first sampling site in this discussion was the Santa Teresa Port of Entry. This international

bridge was chosen because of its low vehicular traffic, which made it possible to work as a low profile
sampling site. At this sampling site, the metal concentration found in the plants for the 0.1mM EDTA
treatment was comparable to the concentration of the controls; all metal concentrations were below two
parts per million. The 0.5mM EDTA treated plants showed an increase in their metal concentrations
over the control plants. For the 1.0mM EDTA treatment, the expectation was to have a better capture of
metals than the previous treatments since a higher concentration of the chelating agent was used.
However, as shown in Figure 4.1 there was no evidence of improved metal capture due to the higher
concentration used. For all three EDTA concentrations used, there was no observable trend which could
be indicating of a chelating agent effect in metal capture. These results could be due to the lack of
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atmospheric pollutants at this site. Also, the results are in accordance with the expectations of an overall
low capture, since the vehicular traffic at the site is low when compared with the rest of the regional
ports of entry.

4.1.2

Cu Capture with EDTA Treatment at Zaragoza International Bridge
At this site, the expectation was to find more metal capture than in the background site due to the

high, year-round vehicular traffic. This expectation was proven to be true. The most abundant element at
this site was Cu. For the 0.1mM EDTA treatment, the chelating agent did not seem to have any effect
since the concentration for the treated and the untreated plant was about the same. For the 0.5mM EDTA
treatment the same is true, although the control plant had a slightly higher metal concentration than the
treated plant. The 1.0mM EDTA treatment also showed metal capture lower than that of the control.
Comparing results from Santa Teresa and Zaragoza, it can be seen that the metal concentration increased
over Sta. Teresa, which is considered a result of higher vehicle traffic.

4.1.3

Cu Capture with EDTA Treatment at UTEP
The plants treated with the chelating agent showed a better Cu metal capture when compared to

those of the controls. The 0.1mM EDTA treated plants had a better capture than the control plant. The
same is true for the 0.5mM and 1.0mM EDTA. The 0.5mM treatment proved to display the greatest
metal capture as this treatment had a metal concentration about seven times the value of its control. Cu
was not present in detectable amounts in the soil at this site even though the nutrient solution contained
Cu. This fact may indicate that the origin of the Cu is airborne. Other studies performed using live plants
as biomonitors have also found Cu (Caselles et al., 2002; Keane et al., 2001; Rachel et al., 2002) in the
leaves of live plants at levels comparable to those found in this study. A hypothesis about the origin of
the Cu at this site may include the fact that heavy construction was taking place near the sampling site,
which more likely than not, contributed to the high Cu concentration detected at this site plants. Also,
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this sampling site was located by the side of the physical science building at the UTEP campus. The
exhaust system from the chemistry laboratories should be also considered as a possible contributor to
higher Cu concentrations. The rationale for choosing this site as control was that it would not be in the
proximities of heavy vehicular traffic; unfortunately, because of what has already been discussed, this
goal was defeated. On the other hand, this phenomenon proofs once again the capabilities of the plant to
sense environmental pollutants. When comparing the three chelating agent amounts used and the metal
captured by the plant, a linear trend was not observed between them. Again, the high Cu availability at
the site might be the only factor contributing to this capture.

4.2

COPPER - CITRIC ACID RESULTS AND DISCUSSIONS

4.2.1

Cu Capture with Citric Acid Treatment at Santa Teresa International Bridge
The capture of Cu in plants treated with citric acid at Santa Teresa port of entry is displayed in

Figure 4.1. As shown by this figure, the only one treatment showing Cu concentrations significantly
higher than control plants was the 0.5 mM treatment. The soil at Santa Teresa did contain Cu in
traceable amounts in half of its samples and taking into account this fact, it is evident that Cu at this
sampling site came in part from the soil. Since the Cu concentration was substantially low in the
treatment, there is no strong evidence that its capture was enhanced in any way by the chelating agent.
There was no observable effect of the chelating agent through the three treatments.

4.2.2

Cu Capture with Citric Acid Treatment at Zaragoza International Bridge
Concentrations of Cu in plants allocated in the Zaragoza Bridge are also shown in Figure 4.1. As

shown by this figure, in all cases the amount of Cu found in plants located at Zaragoza was significantly
higher compared to the Santa Teresa Bridge. This was attributed to the higher traffic at this sampling
site. However, the data did not show an increase in Cu captured with the increase in chelating agent.
24

When comparing the effect of the 3 chelating agent concentrations applied, we realize that there was a
higher metal uptake for the 0.5 and 1.0mM than the 0.1mM citric acid, although the 0.5 and 1.0 showed
virtually the same concentration.

4.2.3

Cu Capture with Citric Acid Treatment at UTEP
The Cu capture with citric acid at the UTEP site is shown in Figure 4.1. As seen in this figure, in

all cases the Cu concentration at the UTEP sampling site was higher compared to the international ports
of entry. The highest Cu capture was found with the 0.5 and 1.0 mM treatments (about 20 ppm) and the
lowest 0.1 mM treatment (5 ppm). The difference in capture could be attributed to the usage of higher
concentrations of citric acid, although its concentration is not proportionally related to the amount of Cu
captured.

4.2.4

Cu capture remarks
When we compare the two chelating agents for their ability to enhance foliar Cu capture, we

look at the graph (see figure 4.1) and realize that at low concentrations there is no convincing evidence
to declare that one chelating agent’s effect over metal capture is better than the other. This may be due to
the low availability of Cu in the atmospheric surroundings. Theoretically EDTA is much more powerful
to chelate Cu than citric acid: Log KI = 18.8 for EDTA and 5.9 for citrate (Martell and Smith, 1974).
This could be the reason why at places with high pollutant availability EDTA seems to have a greater
effect than citric acid.
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4.3

CADMIUM - EDTA RESULTS AND DISCUSSIONS
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Figure 4.2: Results of Cd capture with EDTA and CA.

4.3.1

Cd Capture with EDTA Treatment at Santa Teresa International Bridge
Figure 4.2 shows the Cd capture obtained by EDTA treated plants. The 0.1mM treatment at the

Santa Teresa site demonstrated that Cd was present in low amounts. The Cd concentration level is
slightly higher than that of the control plant which indicates that there was not a considerable effect of
the chelating agent on metal capture. For the 0.5mM treatment at Santa Teresa, both the treated plant
concentrations and the control plant concentrations were also considerably small when compared to the
other sites’ concentrations. Despite this, a small increase in the Cd concentration of the treated plants
over the control plants can be seen. This suggests that the chelating agent had a small but positive effect
on metal capture. In the case of the 1.0mM treatment at Sta. Teresa, Cd also had a better capture in the
treatment than that of the control plant. For this set of treatments we can observe a consistent effect: the
amount of chelating agent used was in accordance with the amount of metal captured. Consequently, we
can say that the chelating agent had a positive effect in Cd capture by the plant. The origin of captured
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metal is presumed to be in the surrounding air since Cd was not present in the soil analysis; see figure
5.2.

4.3.2

Cd Capture with EDTA Treatment at Zaragoza International Bridge
Figure 4.2 shows the concentration of Cd at the three sampling sites. As seen in this figure, the

highest Cd concentration was found in plants treated with 0.1 mM of EDTA. Moreover, no differences
were observed at EDTA concentrations of 0.5 and 1.0 mM. These results indicate that the treated plant
was able to capture the metal better than the plant itself, although the effect of the chelating agent
amount used and its correlation with the amount of metal capture remains unclear. As it can be
appreciated, the treated plants at the Zaragoza site had a higher capture over the Sta. Teresa site due to
the increase of vehicle traffic. Again, the origin of the captured Cd at this site is presumed to be airborne
since it was not found in the soil analysis.

4.3.3 Cd Capture with EDTA Treatment at UTEP
The capture of Cd by EDTA treated plants at the UTEP site (Figure 4.2) showed to increase as
the concentration of EDTA increased. In all cases the Cd concentration in EDTA treated plants was
higher compared to control. In addition, no statistical differences were found between 0.5 and 1.0 mM
and both treatments produced significantly higher concentrations compared to 0.1 mM treatment. This
suggests that EDTA had a favorable effect in the ability of the plant to capture Cd. Also, since Cd was
not present in the soil analysis its origin is presumed to be airborne.
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4.4

CADMIUM - CITRIC ACID RESULTS AND DISCUSSIONS

4.4.1

Cd Capture with Citric Acid at Sta. Teresa International Bridge
The Cd capture at Santa Teresa (Figure 4.2) showed no effect of citric acid since only at the

highest concentration (1.0 mM) Cd was detected in plants. However, the concentration was not high
enough to reach statistical differences with control plants. This suggests that highest concentrations of
citric acid could increase the Cd capture at this site. Metal capture at this site was small, as predicted,
due to small amounts of atmospheric pollutants present at the site. Cadmium was not present in the soil
analysis; therefore, it is presumed that the Cd found in plants came from the environmental contaminants
present in the surrounding air.

4.4.2

Cd Capture with Citric Acid at Zaragoza International Bridge
As seen in Figure 4.2, there was no relationship between the amount of citric acid and the

amount of Cd captured by the plants at Zaragoza Bridge. However, higher numerical concentrations
were found in plants treated with 0.1 and 0.5 mM of citric acid. This was different of the observed with
EDTA. The soil analysis for this site did not show a presence of Cd; in addition Cd was not present in
the nutrient solution. It is then inferred that Cd is coming from the surrounding air.

4.4.3 Cd Capture with Citric Acid at UTEP
The capture of Cd at the UTEP site with citric acid treated plants showed more Cd in control
plants than in plants treated with citric acid at 0.1 mM. However, plants treated with 0.5 and 1.0 mM had
significantly more Cd than control plants. Although the differences in Cd capture by plants treated with
0.5 and 1.0 mM were not statistically different, the data suggested that at higher citric acid
concentrations higher Cd capture occurred. As in the case of Cu, Cd concentration was the highest at
this sampling site. The explanation to this phenomenon may rest in the same reasons as for Cu; heavy

28

construction being done at the time and Chemistry department exhaust system being adjacent to this
place.

4.4.4

Cd Capture Remarks
It is evident that EDTA helped the plant to achieve a better Cd capture than citric acid. This is in

accordance with the chelator-metal stability constants, which is higher for EDTA-Cd than for CitrateCd: 16.621 versus 3.650 (Martell and Smith, 1974). For Cd, the chelating agent’s ability to enhance
foliar capture seems to be better whenever high concentrations of pollutants are in the surrounding
atmosphere; at mid and low quantities, their effect is still unclear.

CHROMIUM EDTA RESULTS AND DISCUSSIONS
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Figure 4.3: Results of Cr capture with EDTA and CA.
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4.5.1

Cr Capture with EDTA Treatment at Santa Teresa International Bridge
The capture of Cr using EDTA at Santa Teresa port of entry is shown in Figure 4.3. As seen in

this figure, no differences were observed between control and 0.1 mM treated plants. However, plants
treated with 0.5 and 1.0 mM had significantly more Cr than plants treated with EDTA at 0.1mM. The
origin of Cr could not be linked to soil contamination; therefore, the presence of Cr in plants was most
than likely due to environmental pollution. Other researchers have also found Cr contamination in plant
tissues of Dandelion leaves (Keane et al., 2001) when using this plant as a biomonitor; some of the
levels of Cr found by these researchers are in a very close range to those found at this site.

4.5.2

Cr Capture with EDTA Treatment at Zaragoza International Bridge
As expected, the amounts of Cr found at the Zaragoza port of entry were higher than those found

at Santa Teresa and UTEP. At this sampling site there were no differences between the EDTA
concentrations and the amount of Cr found in the controls. The highest amount of Cr (about 3.2 ppm)
was found at the 0.5 ppm treatment. This increase in capture is directly related to the heavier vehicular
traffic at this site. According to the results, there is no evidence of chelating agent enhancement of metal
capture since the three treatments and the control had virtually the same capture. Again, since Cr was
not present in the soil analysis, its origin is presumed to be in the surrounding air.

4.5.3

Cr Capture with EDTA Treatment at UTEP
The capture of Cr at the UTEP site did not show a relationship with the concentration of EDTA

applied to plants. Even control plants showed more Cr that plants treated with 1.0 mM (Figure 4.3). The
effect of the EDTA in metal capture by the plant is unclear; despite this, tumbleweed plant by itself is
able to detect the difference in the amount of this pollutant in the air as demonstrated in the higher Cr
capture obtained at the Zaragoza sampling site. We believe the plants were able to capture Cr from the
atmospheric environment since it was not present in the soil analysis.
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4.6

CHROMIUM CITRIC ACID RESULTS AND DISCUSSIONS

4.6.1

Cr Capture with Citric Treatment at Santa Teresa International Bridge
Concentrations of Cr at Santa Teresa in citric acid treated plants were larger than those found in

control plants; yet the difference did not reach statistical significance (Figure 4.3). The highest amount
(about 2.2 ppm) was found in plants sprayed with 1.0 mM and the lowest (about 1.4 ppm) in control
plants. There seems to be an unclear effect of the chelating agent on the metal capturing abilities of the
plant since treated plants did not consistently and proportionally captured more metal. Despite this, Cr
was not present in the soil analysis and its origin may be regarded as airborne.

4.6.2

Cr Capture with Citric Acid Treatment at Zaragoza International Bridge
The amounts of Cr found in citric acid treated plants at the Zaragoza Bridge (Figure 4.3) were

very similar to the amounts found in EDTA treated plants. The lowest concentration (about 2.0 ppm)
was found in plants treated with citric acid at 1.0 mM and the highest (about 3 ppm) in plants sprayed
with 0.5 mM. The observed effect is that Cr concentration increased as the vehicle traffic increased
despite the unclear effect of the chelating agent. It is then presumed that Cr capture is coming from the
surrounding polluted air.

4.6.3

Cr Capture with Citric Acid Treatment at UTEP
The capture of Cr with citric acid at the UTEP site did not show a definite trend. The highest

concentration (1.5 ppm) was found in plants treated with 0.1 mM and the lowest in plants treated with
1.0mM (about 0.8 ppm). Obviously there was no evidence of any positive effect attributed to the
chelating agent, on the contrary, the metal capture is inversely proportional to the amount of citrate used;
this effect was also observed in the UTEP EDTA treatment. It is possible that this effect is due to the
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competition for the active sites on the chelators by Cr and Cu metals; since the formation (binding)
constant is much higher for Cu than for Cr, 6.3x1018 Vs 4.0x1013 respectively (Martell and Smith, 1974),
the plants tended to capture more Cu as we increase the amount of chelator, which on the other hand left
more Cr out of the plant. The soil analysis does not show any concentration for Cr, it is then presumed
that the Cr captured came from the surrounding polluted air.

4.6.4

Cr capture Remarks
After evaluating the effect of the two chelating agents on Cr capture by tumbleweed plant, we

realize that there is no visible positive effect of any of the two agents. It might even be the case that
whenever high amounts of Cu are present the use of a chelator could negatively impact Cr capture. On
the other hand, the obtained data showed that tumbleweed plant by itself is able to sense Cr presence and
vehicular traffic gradients accordingly in the controls, where chelators were not used.

NICKEL EDTA RESULTS AND DISCUSSIONS
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Figure 4.4: Results of Ni capture with EDTA and CA.
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4.7.1

Ni Capture with EDTA Treatment at Santa Teresa International Bridge
Figure 4.4 shows the data for Ni concentrations found in tumbleweed foliage at Santa Teresa port

of entry. As one can see in this figure, there was no relationship among the concentration of EDTA and
the concentration of Ni captured by the plants. The lowest concentrations were found at 1.0 mM EDTA
and control plants (about 1 ppm) and the highest at 0.5 and 0.1mM (about 2 ppm) In addition, Ni was
present at relatively high concentration in the soil where the plants grew (Figure 5.2), thus part of the Ni
found in plants could come from soil.

4.7.2

Ni Capture with EDTA Treatment at Zaragoza International Bridge
The amounts of Ni found on EDTA treated plants at Zaragoza port of entry are shown in Figure

4.4. As seen in this figure, only the 0.1 mM treatment showed a Ni concentration (about 8 ppm)
significantly higher compared to the other treatments (about 4 ppm in all of them). This suggests that, at
the concentrations used and under the experimental conditions of this research, EDTA did not bind Ni
from the air in a concentration dependent manner. In addition, as explained above, Ni was in soil;
however, considering that at all EDTA concentrations the amounts of Ni detected at the Zaragoza port of
entry were higher compared to Santa Teresa and UTEP, it is hypothesized that the increase in Ni
concentrations on the foliage were produced by the highest volume of vehicles at this international
bridge.

4.7.3 Ni Capture with EDTA Treatment at UTEP
Results for the Ni capture at the UTEP sampling site (Figure 4.4) followed a similar pattern as in
Zaragoza Bridge; however, except for the 0.1 mM treatment (about 2 ppm captured), in all cases the
concentrations detected were about 1 ppm. This result suggests that the differences were caused by the
higher traffic at the port of entries compared to the UTEP site.
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4.8

NICKEL CITRIC ACID RESULTS AND DISCUSSIONS
Concentrations of Ni in plants treated with citric acids at the three sampling sites are shown in

Figure 4.4. As seen in this figure, there were no differences for the three concentrations of citric acid
used at the three sampling sites. Ni concentrations found at the Zaragoza Bridge were almost double
compared to Santa Teresa and triple compared to UTEP. This suggests an effect of the higher vehicular
traffic. Although there was no effect of the citric acid concentration in the Ni capture, the Ni
concentration found on control plants at Santa Teresa was less compared to the Ni captured by citric
acid treated plants, which suggests a positive effect of the chelating agent.

4.8.1

Ni capture Remarks
For both chelating agents we can say that their effect in enhancing Ni capture was neglectible,

although the plant itself is able to sense the difference in Ni availability. It is evident that the Zaragoza
site had the greatest Ni contamination due to the high vehicular traffic. The UTEP site had the lowest
capture; this may be due to the high Cu concentration at that site and the natural preference of the
chelating agents for Cu over Ni as demonstrated by the critical stability constants; EDTA-Ni critical
stability constant Log K=18.56 Vs 18.8 for Cu, and citrate-Ni Log K=4.8 Vs 5.9 for Cu (Martell and
Smith, 1974). Due to this, Cu would compete for the active sites on the chelating agents, therefore
leaving out other metals such as Ni.
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Chapter 5: Soil Results
Figure 5 depicts the results for the soil analysis. Two samples were taken out of every bag and 3
replicates were run of each sample; although only the averages of the three replicates per sample were
used to prepare the graph. Also samples from a control site, away from the sampling sites were used for
comparison purposes. This analysis was done with the purpose of investigating the nature or origin of
the metals captured by the plants. Only the metals that were found in the plants were actually analyzed
in the soil. These elements were Cd, Cu, Cr, and Ni. From these, only Ni and Cu, in a much lower
presence, were actually found in some of the soil of the experimental sites samples. Ni was consistently
present in each of the samples throughout the whole analysis, but Cu was not present in the soil samples
from the control site, neither in the soil samples from the UTEP sites, one Sta. Teresa, and one Zaragoza
site.
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Figure 5: Soil Analysis Results.
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Chapter 6: Indigenous Plant Monitoring
6.1

INTRODUCTION
A tumbleweed metal-contamination monitoring program was performed in the spring semester of

2008. This phase of the research is in response to the questions on how would the plant behave over time
and to know if the plant metal content would change. Would this change be dramatic? Would we find
the same elements found in the monitoring experiment at the international bridges? All these questions
will be answered in the sections below, where we will address the nature of the sampling sites,
geographical location, and any possible sources of metal exposition both natural and anthropogenic
nearby.

6.2

INDIGENOUS PLANT RESULTS AND DISCUSSION
From of all the elements that were tested only a few appeared in the analysis; Cu, Pb, Se, As, Zn,

Mg, and Fe were detected. As described in the methodology, the soil where the plants grew was also
sampled. The soil analysis showed high concentrations of all the elements mentioned above, with the
exception of Se. Therefore we infer its origins in the plants analysis is not coming from the soil.
Selenium Capture
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Figure 6.1: Se concentration in monitoring plants results.
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The results for the plant analyses show that the Selenium content of the Santa Teresa sampling
site oscillates between 5.4ppm and 8.3ppm, those of the near UTEP site are between 3.9ppm and
9.3ppm, and finally the Zaragoza site plants vary from 4.8ppm to 8.3ppm; see Figure 6.1. We see that
the highest amount of detected selenium was, for the Santa Teresa and the Zaragoza site, higher in the
first two months of sampling than in the two final sampling sessions. This is not true for the near UTEP
site since, in the last analysis, it showed higher concentrations than in the 3 first sessions. However,
there is a trend for the first three months of the sampling time, where the concentration was higher and
then declines towards the warmer months of April and May. All these facts may suggest that plant
exposition to selenium from atmospheric deposition and anthropogenic sources might be greater during
the first months of the year, which are the coldest.
According to Environmental Restoration of Metal contaminated Soils (Iskandar, 2000),
seleniferous soils are classified as those which can provide enough selenium to the plant that it will
show concentrations above 5mg/kg. In the same fashion the author cited above states that “in highly
seleniferous areas of the great plains Se content of surface soils ranged from 1.5 to 20mg/Kg. As
mentioned above, the soil analysis for all three sites showed Se concentrations below 0.01ppm. This fact
clearly indicates that the soil where these plants grew is not classified as seleniferous despite the high Se
content of these plants. Figure 6.2 depicts the possible inputs and outputs of Se in the soil and their
possible impact on the environment.
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Figure 6.2: Schematic Diagram of Se inputs/Outputs in the soil and possible impact on the Environment
(Iskandar, 2000).

As stated before, Se was not detected in the soil; Figure 6.2 accounts for the deposition that may
also rest over the foliage, or be captured by capable plants. As depicted in the figure, anthropogenic and
agrochemical activities are major sources of Se. The Near-UTEP and Santa Teresa sites are very well
situated in range for these types of sources. As it will be shown in the pictures of the sampling sites, the
Santa Teresa site, see Figure 6.3, is surrounded by agricultural fields, which can be sources of Se
contamination due to the utilization of Se containing fertilizers (superphosphates). The Near UTEP site
is close to the ASARCO Cu smelter; see Figure 6.4, which for many years operated in the city of El
Paso. This site is also near the power plant in Sunland Park. In 1987 approximately 30% of the Se
emissions to the environment came from the mining and smelting of base metals, being the
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Copper/Nickel industry the leading Se emitter. In addition the slash and agricultural burning accounts
for another 23% including fertilizer production and use (Ihnat, 1987).

Figure 6.3: Aerial picture of the Santa Teresa sampling site, Yahoo maps.

Figure 6.4: Aerial picture of the Near UTEP sampling site, Yahoo maps.
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The Zaragoza site, in the proximity of the international bridge, see Figure 6.5, could be subject to
contamination of Se due to vehicle traffic. The combustion of fossil fuels accounts for up to 36% of the
emissions of Se to the atmosphere (Ihnat, 1987). Selenium is an energy-related pollutant which is used
as guide in identifying atmospheric emissions associated to fossil fuels consumption. The increase in the
quantity of Se being emitted to the atmosphere is, therefore, proportional to this energy type
consumption.

Figure 6.5: Aerial picture of the Zaragoza sampling site, Yahoo maps.

Models have been developed for the natural cycle of Selenium. These models account for seven
compartments in the global system. According to Occurrence and Distribution of Selenium (Ihnat,
1987), those seven compartments are the atmosphere, soil, terrestrial and marine biota, the ocean, and
marine sediments. In the case of the Se, found in the TWD plants, we believe that the atmospheric
compartment is the one playing the mayor role. The atmospheric reservoir has been further subdivided
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into 5 sub compartments; these are urban, rural, remote continental, productive oceans, and nonproductive oceans (Ihnat, 1987). From the five, urban and rural are of interest for our study.
Figure 6.6 depicts the average distribution of Se in the global atmosphere (5 sub compartments
for the atmospheric reservoir). The Figure also shows the fraction Se concentration for each sub
compartment.

Figure 6.6: Regionalized Average Distribution of Selenium in the Global Atmosphere (Ihnat, 1987).

In addition, according to Environmental Restoration of Metal contaminated Soils (Iskandar,
2000), total worldwide input of Se into soils from anthropogenic activities was estimated to be 6000 to
7600 tons a year, while atmospheric deposition was responsible for 0.2 to 0.7 mg/m2*yr. Therefore, Se
deposition by atmospheric fallout and the described anthropogenic sources are the main contributors to
the Se concentration found in the tested TWD plants.
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Chapter 7: Conclusions
The data presented in the results section suggests a number of hypotheses that are worth of
revising. The chelating agents seem to have only a positive effect on tumbleweed’s ability to capture
airborne contaminants for Cadmium. EDTA and citric acid seem to enhance the plant’s natural ability to
capture this element. Cu capture seems to be enhanced only when high amounts of the element are
present. An example of this can be appreciated in the UTEP sampling site. The chelating agents did not
improve the plant’s abilities to capture Cr. Tumbleweed, by itself, can sense the presence of this element
and is able to capture more as its concentration increases in the surroundings. Nickel capture by treated
tumbleweed seemed to be affected when Cu and Cd were present. The same is true for Cr. Both EDTA
and citric acid hold greater affinity towards Cu than towards Ni and Cr. Due to these observations
treated plants will chelate Cu and Cd first. The elemental analysis of the soil supports the conclusions
mentioned above. Only Ni was found in all soil samples; again, the plants were able to sense the
difference in Ni concentration due to vehicular traffic increase from one sampling site to another.
The fact that indigenous TWD monitoring experiment was able to find only Se, as opposed to the
bridge monitoring which found Cd, Cu, Cr, and Ni, indicates the ability of the TWD plant to capture
different elements according to its availability. Although Se was not found in the monitoring plants of
the international bridges it does not mean that it was not there. As mentioned before, Se is a volatile non
metal, with metalloid like characteristics that is found where fossil fuels are used. Due to the high
temperatures produced by vehicular engines it might have been “blown” away to cooler places that
would permit its deposition. This might be the reason why it was found at the wild plants near the
Zaragoza international bridge and not in the monitoring plants at the Zaragoza Bridge, which were in a
very close range to vehicle traffic.
The evaluation of the findings mentioned above lead us towards interesting conclusions: tumbleweed
represents a real option for non-expensive biological monitors that could be used in this region and
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similar weather like places for the detection of trace level contaminants such as the ones mentioned
above. These findings could signify an important tool that corresponding environmental agencies could
use, especially in a region like El Paso where suspended particles are among the principal pollutants.
This could further be translated into preventive actions towards people who work in places that are
directly exposed to these contaminants. Such an example would be individuals employed in the informal
commerce at the international ports of entry of our region and people who transit through those places
on a continuous basis.
Future work in this field would include the replication of these experiments in better controlled
environments to corroborate the conclusions here mentioned, as well as the investigation of the
mechanisms used by this plant to capture pollutants from the surrounding environments. In addition, this
passive method for the monitoring of environmental pollutants would have to be validated for the
specific elements which it is believed to be effective. After all this, such a system could therefore be
implemented.
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